Kochujang is a fermented paste originated from in and Kochujang sauce is a nutritionally and functionally improved version of Kochujang with additions of beef and tonic herbal extracts. The optimization of the ingredient ratios in the manufacturing of Kochujang sauce was investigated using central composite design and response surface methodology. The amount of beef (X1) and the amount of tonic herbal extract (X2) were chosen as the independent variables. The dependent variables consisted of the properties and sensory evaluation scores The examined physicochemical properties included water activity, pH, color, viscosity, and soluble solids. The sensory evaluation attributes were color, flavor, taste, texture, and overall acceptability. Among them, the selected dependent variables were the sauce viscosity (Y1) and the overall acceptability (Y2) of the sauce. The optimal conditions for the independent variables were X1= 9.7% and X2= 14.1%. In addition, the predicted values of the multiple response optimal conditions were Y1= 331000 (cP) and Y2= 7.1 (points), and the actual experimental values were Y1= 3316667 (cP) and Y2= 7 (points).
I. Introduction 1)
Recently, food consumption has been changing toward a direction that considers taste, convenience, and health as being equally important (Shin DH 2008) . Furthermore, the need for high quality food that addresses wellbeing, the importance of health, and food safety has increased (Lee YH 2007) . Accordingly, as peoples' interests in health have continued to increase, food development research has been actively under way to incorporate the physiological effects and vitality that various medicinal plants can offer (Sohn ES et al. 2004 There have been many phytochemicals investigations pertaining to Astragalus membranaceus Bunge, Acanthopanacis cortex, and an Angelica gigas Nakai, which are herbaceous plants whose dried roots are used in tonics in oriental medicine (Park JC and Yee ST 2000) . All three have been declared as raw food materials in Korea and are important "tonifying"adaptogenic herb. Astragalus membranaceus Bunge is known to possess antioxidant (Kim EY et al. 2004 ), immune-stimulating (Shin SW et al. 2004 , memory-improving (Liu ZY et al. 1993 ), anti-ageing (Chen K and Li C 1993 ), anti-tumor (Zheng H et al. 1997 , and anti-viral effects (Huang ZQ et al. 1995) . Acanthopanacis cortex possesses immunity-promoting (Jeong HW et al. 2005) , anti-oxidant (Im KR et al. 2008a ), anti-viral (Kwon DH et al. 2003 , skin-whitening (Im KR et al. 2008b ), anti-cancer (Lee JH et al. 1999 ), bone-growth activity (Yang DS et al. 2003) , and anti-diabetic effects (Choung ES et al. 2008) . Angelica gigas Nakai is recognized for its anti-bacterial (Yun KW and Choi SK 2004), skin-whitening (Kim CH et al. 2008) , hyperlipemia restraining (Chung MH et al. 1998 ), immune-promoting (Lee GH et al. 2006 ), anti-inflammatory (Jang SI et al. 2002 , and anti-cancer effects (Park KW et al. 2007) , and is also known to protect liver function (Oh SH et al. 1999) .
Kochujang, a fermented red pepper soybean paste, is a well-known traditional food in Korea, and has played an important role in providing characteristic tastes and flavors of Korean foods. Kochujang provides hot, sweet, salty, and savory tastes, as well as color and flavor. It is rich in protein, fatty acids, vitamin B1, vitamin B2, vitamin C, folic acid, and carotene (Bang HY et al. 2004 ). Kochujang promotes digestion and the excretion of body wastes (Choi SM et al. 2002) . In addition, it has anti-cancer (Park KY et al. 2001 ) and anti-bacterial effects (Lee JM et al. 1996) . Kochujang also recently showed an anti-obesity effect (Choo JJ 2000) . The Kochujang sauce used in this research was made by roasting after mixing the kochujang with beef and tonic herbal extracts. This Kochujang sauce is not salty and has a different hot taste relative to the salty and hot taste of general Kochujang.
In addition, it may be considered to have a functional effect due to the addition of the tonic herbal extracts. There have been various studies examining value-added enhancements of Kochujang by additions of functional food materials. These However, until now, no research has investigated Kochujang containing additions of beef and tonic herbal extracts. The objectives of this study were to optimize the proportion of herbal extracts to beef in the manufacturing of Kochujang sauce using response surface methodology (RSM; 1951) . RSM is effective for the optimization and monitoring of food manufacturing processes. The basic principle of RSM is to determine model equations that describe the interrelations between independent and dependent variables (Edwards IM and Jutan A 1997).
Ⅱ. Materials and Methods

Materials and sample preparation
The root of Astragalus membranaceus Bunge, Acanthopanacis cortex, and Angelica gigas Nakai were provided by the Jecheon City Agricultural Technology Center in Jecheon City (Chungbuk, Korea). These herbs were extracted with distilled water at 100℃ for 8 hr, and the extracts were filtered by filter cloth. Before use as a tonic herbal extract, the extracts of Astragalus membranaceus Bunge Root, Acanthopanacis cortex, and Angelica gigas Nakai were diluted to 5°Brix and used in a ratio of 6:3:1. This was obtained from a preliminary study on sensory evaluation. The beef, garlic, and ginger were domestic products purchased from Nonghyup Hanaro Mart (Sungnam, Gyeonggi, Korea). The kochujang (Daesang Co., Ltd., Jeonbuk, Korea) as well as black pepper (Otttogi Co., Ltd., Chungbuk, Korea), sesame oil (Otttogi Co., Ltd., Chungbuk, Korea), roasted sesame seed (Haepyo Co., Ltd., Ansan, Gyeonggi, Korea), and corn syrup (Haepyo Co., Ltd., Ansan, Gyeonggi, Korea) were also purchased from Nonghyup Hanaro Mart (Sungnam, Gyeonggi, Korea). Table 1 shows the amounts of materials used in the Kochujang sauce.
The manufacturing process was as follows. The minced beef was marinated in the tonic herbal extracts for 2 hr at 4℃. Next, garlic, ginger juice, and the marinated beef were roasted for 5 minutes. Then, the black pepper and Kochujang were added and roasted for 5 additional minutes. Finally, the Kochujang sauce was finished by adding the sesame oil, corn syrup, and sesame seed. 5°Bx Astragalus membranaceus Bunge extract 9 10.2 10.2 7.8 7.8 9 9 11.4 6.6 9 5° Bx Acanthopanacis cortex extract 4.5 5.1 5.1 3.9 3.9 4.5 4.5 5.7 3.3 4.5 5° Bx Angelica gigas Nakai extract 1.5 1.7 1.7 1.3 1.3 1.5 1.5 1.9 1.1 1.5
Corn syrup 6 6 6 6 6 6 6 6 6 6 Garlic 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1
Sesame seed 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1. 
